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I’he NASA emphasis for “fastc!l, cheaper , bet.tel “ missions fc>r sc)lar system
cx~)lor:ition  makes nc!ar-F:a]’lh  aster-c)id  (NKA) flybys and r-cndczvous  iclca]
candiciai_es . This desire is emphasized with the initiation of the Discovez-y
~)rc)gr-arn,  which includes a mission to Nereus launched in 1998. Also, the
Clemcr!i_inc  Missjon, an S1)1 project, will fly zi spacecr-aft to orbit the moon
and subsequently be injected to a flyby of Geogr-aphos  i n 1 995 . More recently,
the l-aclar images of Toutatis  .showir]g  this asteroid as probably a contact
b]nary, and 9fXIeral discussions of asteroici inl~)acts  on Earth, have heightened
ixltcrest in NJ3As.

Curl-cntly,  there are about 200 known NKAs (defineci  to have or-bits whose
perihe]ions lie within Mazs’ orbit) , anti abc~ut a dozen or so more are being
discovered each year. An astrodynamic challenge is to devise missions for
single 0]- multiple encountez-s (flybys, rendezvous, OI even sarnp]e  returns)
maxinli zing payload and science Ict_uI-11, and minimizing nniss ion dur  -at ion.

A survey of low-energy near-Earth f’lyby missions was presented by Sauer
(Reference 1) in 1991. Methods for cc)rnputing multiple flybys with a sinql.e
spacecraft and multiple flybys with mulLiple spacecraft using a single
launch, are presented in References 2 and 3. About 2 dozen low energy single
NF;A fJyby oF~portun.ities pcr year exist. Of these, about a ha] f dozen can be
comhincci into dc)uble or triple fJybys.

~’hese opi)Ortu’nities  may bc exparldeci w,ith the LISC c)f Earth gravity assist.. If
orle examines the above opport-unities  carefully, one sees that many of them can
be encountered within a year, and in sLIch a way that the spacecraft wi.1 1 then
leturn tc] Earth. !Thesc one-year Earth r-etuyns then allow reshaF,ing of Lhe
trajectory by the I!art_h, via gravity assist, so t,hat the spacecraft may bc
sc!nt to another asteroid, either for a flyby or rendezvous. One result of this
paper- is to prc)vide a survey of these one-year P;arth gravity assist
c)pportunities which yield multip]e NMA flybys.

An acidit-ional intent of the paper is to Ciiscuss the use of Earth gravity
assist in a broader perspective. In particular, energy requirements for
f>actionaJ ancl integral year returns will l)c evaluated, as well as their-
potential use for NEA missions. Kxamp]es will be given for the optimum manncr-
in which they may be used. F’inally,  enhancements (and restrictions) in the
adciitional  use of lunar gravity assist will be discussed, and results
p~esented in parametric form. The problem of enhancing mission capability with
the use of third-body perLurbaLions (}jarth, Sun, Moon) will be addressed at a
later date.
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